of individual steroids is well illustrated by the discovery, in some individuals, of the complete or partial inability to synthesise certain enzymes involved in cortisol biosynthesis (Fig. 2 ). Genetic studies have indicated that this inability is inherited as an autosomal recessive. The incomplete hormone formed instead of cortisol, fails to suppress the release of ACTH from the pituitary by the usual feed back mechanism and the so-called congenital adrenal hyperplasia. characterised by progressive virilism, occurs. Females show hirsutism, enlarged clitoris, male escutcheon, decrease in breast size and male musculature; young girls, pseudo-hermaphroditism. Small boys show isosexual precocity. Among other investigations a study of urinary steroids has shown that the condition is due to a partial or complete lack of enzymes catalysing steroid hydroxylation at the C-II or C-21 positions. The androgen production possibly results from the formation of large amounts of 17oc-hydroxyprogesterone which also gives rise to increased amounts of pregnane-3 rx, l71X, 201Xtriol as the glucuronide in the urine. When there is a moderate to severe II~-hydroxylase defect, DOC and l1lX-hydroxy DOC are formed. These favour sodium retention, cause hypertension, and, in the latter case, gives rise to tetrahydro S (31X, 171X, 21-trihydroxy-5~-pregnan 20-one) in the urine.
Recently, Bongiovanni (1962) has described the adrenogenital syndrome with deficiency of 3~-hydroxysteroid dehydrogenase. This results in death shortly after birth of the afflicted children, unless the condition is quickly diagnosed and the patients treated with corticosteroid. In the untreated cases, steroids related to pregnenolone (3~-hydroxypregn-5-en-20-one) or DHA appear in the urine.
There are many other interesting and problematical aspects of steroid metabolism which time does not even permit a mention. For many year", the determination of urinary 17-ketosteroids was the only group assay available. I think it is becoming increasingly recognised that this determination, in its present form, offers only limited information, but it is still widely used and deserves some comment. The purpose of the assay is to provide some indication of gonadal and adrenocortical production of androgens and, to a limited extent, to serve as an index of adrenocortical function. To this end, all the steroids in the urine which contain a carbonyl group at C-17 are included in the assay. Normal urine contains six major 17ketosteroids which derive to a large extent from adrenal androgens and partly from cortisol. However, these proportions may alter and even become inverted under pathological conditions. The general assay procedure requires hydrolysis of the conjugated urinary steroids, extraction with an organic solvent and, after purification, the residue is assayed by the Zimmermann reaction. Pigment, formed during the hydrolysis stage. may interfere with colorimetry and can be removed effectively, together with acidic materials, by shaking with pellets of sodium hydroxide (Drekter, Heisler, Scism, Stern, Pearson and McGavack, 1952) . There are two ways in which the Zimmermann reaction may be usefully modified. Potassium hydroxide solution may be substituted by an organic base, such as tetramethyl ammonium hydroxide (TMAH). This obviates the necessity for making a fresh solution for each assay, since TMAH is stable at room temperature and gives low reagent blanks. The reagent is prepared by mixing 25 % TMAH with 1% dinitrobenzene solution. The values obtained for urinary 17-ketosteroids are similar to those found with KOH, but this is not necessarily true for other organic bases. A further useful modification is to extract the Zimmermann chromogen with an organic solvent after addition of 30% ethanol. In this way, a considerable quantity of interfering chromogen is left in the aqueous phase, and absorption may be read at 515 mu only. This renders unnecessary the application of correction factors, which require measurements at two or three wavelengths, and are tedious and time consuming (James and de Jong, 1961) .
The determination of urinary 17-hydroxycorticosteroids (17-0HCS) is undertaken to provide an estimate of cortisol secretion by the adrenal cortex. In this country, the most widely used methods are those developed by Norymberski and his colleagues, and depend upon the oxidation of the major urinary metabolites of cortisol to 17-ketosteroids by sodium bismuthate, following initial reduction with borohydride. The method is extremely valuable, but variations in the quality of bismuthate obtainable may be troublesome. The final residue obtained for assay is a mixture of products, including artifacts resulting from the drastic acid hydrolysis employed. The procedure may be usefully modified by oxidising with metaperiodate and employing an alkaline hydrolysis (Few, 1961) . Periodate is a more reliable reagent, may be dispensed in solution, and it is no longer necessary to shake the reaction mixture in the dark. Furthermore, the major cortisol metabolites are all converted to one compound, 11~-hydroxy aetiocholanolone, instead of a mixture of products. Colorimetry may be modified as for 17-ketosteroids, and readings made at one wavelength. It is necessary to take account of the colour equivalent of 11~-hydroxyaetiocholano lone in the Zimmermann reaction if some other standard, such as androsterone, is employed. . It is obviously important to know if the urinary excretion of 17-0HCS determined by this method does in fact reflect the cortisol secretion rate. This has been studied in a number of patients, in whom secretion rates were measured by an isotope procedure, and a comparison made with the urinary steroid excretion.
The correlation obtained (Fig. 1) appears to be satisfactory at low or normal secretion rates, and, from the regression curve, it may be calculated that the urine method measures on average about 75 % of the total metabolites. If allowance is made for molecular weight changes in the method, it accounts for approximately 90 %of the total.
At elevated secretion rates, SlCJ. as are found in Cushing's syndrome, the correlation no longer holds, and these patients appear to convert a smaller proportion, which may be as low as 25 %, to measurable 17-0HCS. This has also been commented on by Prunty (1961), and is a serious limitation of the method, since some patients with adrenal hyperfunction may have an elevated secretion rate, but due to the impaired apparent conversion, will have a urinary 17-0HCS excretion within the normal range. A normal steroid excretion will, therefore, not always eliminate a diagnosis of adrenal hyperfunction. This is a problem which deserves further study; it may be explicable on the basis that a change in cortisol metabolism occurs at elevated secretion rates with the formation of metabolites which are not extracted, or not measured in the usual assay procedure.
The observation, made many years ago, that cortisol exhibits a strong fluorescence in sulphuric acid, has led to the development of simple techniques for the determination of plasma cortisol. The sensitivity of the reaction is high and thus relatively small volumes of plasma may be employed. A simple extract of plasma contains several compounds which will fluoresce under the conditions employed for the determination of cortisol. However, the largest part of the fluorescence is due to cortisol, and for many clinical purposes the error involved is unimportant (Mattingly, 1962) . Specificity can be greatly improved by including a partition between benzene and water since much fluorescent material is removed by the benzene, and the cortisol is retained in the aqueous phase (Braunsberg and James, 1962; James, Landon and Wynn, 1962) . Less than 4 ml. of plasma is required, and an assay can be completed in 3 hr. The major advantage of plasma cortisol assays is their ability, in contrast to urine assays, to reflect changes in adrenocortical function fairly rapidly. Adrenal response to ACTH, and suppression by exogenous steroid may be tested and results obtained in one day if required, whereas urine studies require longer periods of time for completion.
Introduction. Application of gas-liquid chromatography (G.L.C.) to the analysis of steroids is a development of the last four years. The principal features of the methods now used were outlined by Eglinton, Hamilton, Hodges and Raphael (1959) . The authors took advantage of the advent of the highly sensitive argon ionisation detector to reduce the sample load, with improved volatilisation and less decomposition. Correspondingly, the concentration of stationary phase could be reduced to avoid long retention times.
The first successful sterol separations were reported by Beerthuis and Recourt (1960). VandenHeuvel, Sweeley and Homing (1960a) described chromatography of steroids ranging from androstane (C I U ) to~-sitosteryl acetate (Cal)' The development of these procedures has been due largely to Horning and collaborators. Almost any steroid can be successfully subjected to gas-liquid chromatography. Moderate volatility is essential ; thus, sulphates and glucosiduronates require hydrolysis, or other suitable transformation.
Similarly, the cholesteryl esters of normal serum, which have M. W. in the range of 600-700, cannot be treated conveniently by isothermal techniques. However, by "temperature programming ", in which the temperature is steadily raised during a chromatogram, esters up to cholesteryl stearate (M. W. 653) can be analysed. There is thus the possibility of concurrent estimation of cholesterol and its esters in unhydrolysed serum. General technique. As working temperatures are in the region of 2DO-225°C., thermostable stationary phases are needed. Homing's first paper introduced the silicone SE-30, stable to 300°C., as an almost non-polar phase of wide applicability. Several polar silicone phases have subsequently been adopted. Polyesters, such as neopentyl glycol succinate, are also employed.
The phase (1-5 %) is coated on suitably inert support, usually Celite, which has been acidwashed and treated with dichloro-dimethylsilane.
The preparation of samples for G.L.c. examination demands, in some respects, more care than for other forms of analysis. Thus, in the estimation of total serum cholesterol, incomplete hydrolysis causes a ..erious error in the G.L.C. method, but not in the colorimetric estimation, Samples (0'1-5 !Jog.) are injected as solutions in an organic solvent (0'1-5 !Jol.), or introduced as solids. The temperature at the site of injection must be adequate to promote rapid volatilisation.
The qualitative result of a gas-liquid chromatogram is expressed in terms of the retention time for each component, preferably measured relative to a standard compound included in the sample. Such relative retentions are independent of the gas flow rate.
Quantitative results are evaluated in terms of peak areas (or heights, under certain conditions) and again an internal standard may compensate for variations in sample volume and detector response.
Qualitative separations of sterols.
Sterols differing in molecular weight, also double bond isomers and 5cx/5~epimers, are separable. Gas chromatography obviates earlier difficulties in
